Study of the mechanisms of hydrogen peroxide and hydroxyl free radical-induced cellular injury and calcium overload in cardiac myocytes.
There is evidence that myocardial injury, as would occur on post-ischemic reperfusion, may be caused by the generation of oxygen radicals, as well as by the induction of intracellular calcium overload; however, the relationship between these two mechanisms of injury is not known. To test the hypothesis that oxidants and oxygen radicals can cause cardiac myocyte injury and intracellular calcium overload, isolated adult rat ventricular myocytes were exposed to H2O2 (1-10 mM) and Fe3(+)-nitrilotriacetate. EPR measurements confirmed the production of the highly reactive .OH radical by this system. The oxygen radical generating system initially caused a transient augmentation of twitch amplitude in single field stimulated myocytes. This was followed by contractile oscillations occurring during the twitch prior to full cell relaxation, and spontaneous mechanical oscillations occurring between electrically stimulated contractions. Eventually, cells became inexcitable and abruptly underwent contracture. In the presence of lower bathing calcium concentrations, these oxidant-induced alterations were prevented or delayed. However, cells exposed to the radical generating system in the absence of extracellular calcium still eventually underwent contracture but stimulated contractions or mechanical oscillations were not seen. Measurements in single myocytes loaded with the fluorescent probe of intracellular calcium, Indo-1, demonstrated a rise in both systolic and diastolic fluorescence ratio, as well as oscillations and widening of the fluorescence transient, suggestive of cellular calcium loading, following exposure to the radical generating system. Injured myocytes did not take up trypan blue dye. Contractile dysfunction and calcium channel blocker, nitrendipine. NMR measurements of cellular [ATP] demonstrated that these alterations in cellular calcium preceded the depletion of ATP. Subsequent depletion of ATP was accompanied by the appearance of increased concentrations of sugar phosphates indicative of a block in glycolysis and ATP depletion correlated with cellular rigor. Thus, oxygen free radicals can cause cardiac myocyte injury with contractile abnormalities which occur due to myocyte calcium loading. The mechanism of oxidant-induced calcium loading is not due to nonspecific membrane damage, or energy depletion, but rather due to increased calcium influx through voltage gated calcium channels. This early calcium overload state as well as oxidant induced block of glycolysis result in cellular energy depletion and cell death with the induction of contracture.